A chloroplast group I intron undergoes the first step of reverse splicing into host cytoplasmic 5.8 S rRNA. Implications for intron-mediated RNA recombination, intron transposition and 5.8 S rRNA structure.
The chloroplast 23 S rRNA gene of Chlamydomonas reinhardtii contains a self-splicing group I intron, Cr.LSU. Incubation of total RNA from C. reinhardtii with [alpha-32P]GTP produces a GTP-labeled RNA that is derived from Cr.LSU, but is approximately 95 nucleotides longer (and referred to as IA). We show that IA is derived from an intermolecular reaction of Cr.LSU with cytoplasmic 5.8 S rRNA; the 3'-terminal G of the intron becomes ligated to A64. This reaction, which was reproduced using synthetic RNAs, is identical to the first step of reverse splicing. The second step of reverse splicing did not occur with any efficiency, even though both P1 and P10-like helices can form between the reactive region of 5.8 S rRNA and the IGS of Cr.LSU. Cloning of IA provided a chimeric Cr.LSU precursor with the normal 3' exon substituted by 95 nucleotides of 5.8 S; this precursor spliced poorly despite having a potential P10 helix (between the 3'-exon and the IGS). The inefficient reverse splicing of Cr.LSU into 5.8 S RNA and poor forward splicing of the chimera may be explained by competition between helices P1 (between the 5'-exon and IGS) and P10; competition between P1 and P10 is apparently not a factor in forward splicing of the wild-type LSU precursor. The sequence of the 5.8 S gene of C. reinhardtii was determined, and the published RNA sequence revised. A secondary structure model of C. reinhardtii 5.8 S rRNA was proposed incorporating the requirement for base-pairing to the IGS of Cr.LSU. The resulting structure resembles that recently proposed for yeast 5.8 S rRNA, and has considerable advantages over previous models of C. reinhardtii 5.8 S rRNA. These data describe a novel example of a naturally occurring ribozyme reacting with a naturally occurring RNA of the same cell; implications for ribozyme-mediated RNA recombination and intron transposition via reverse splicing are discussed.